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Abstract 



The scalar interaction term of the top mode standard model can be gener- 
ated by a gauge theory. It is emphasized that in this approach generalization 
to family space directly yields a heavy top quark while leaving all other quarks 
massless. 

By generating the new interaction from gauge extension to custodial 
SU(2), the standard model bound m top ~ 200GeV is pushed to m top ~ 
270GeV, thereby significantly reducing the amount of finetuning required to 
match this number. 
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The 1990's experiments have pro- 
vided us not only with a confirmation 
of the fermion-boson sector of the stan- 
dard model (SM) in a new range of 
precision, but also with raised lower 
bounds on the two missing particles, 
the top quark and the Higgs boson and, 
with the same amount of significance, a 
surviving lack of evidence of the scalar 
sector. 

The lower bound of the top mass, 
89GeV, implies a strong Higgs force, 
g t — 0(1), and may cause a new possi- 
bility of symmetry breaking in the con- 
text of minimal SM: multiple Higgs ex- 
change could bind two tops to a scalar 
it, which in turn serves as an equiv- 
alent of the elementary massive Higgs 
boson. Symmetry breakdown might 
then be driven by the it condensate, 
while the Higgs Potential stays non- 
degenerate Q. 

However, the SM scalar sector pos- 
sesses uncomfortable features: elemen- 
tary scalar fields and a suitcase full of 
free parameters. Therefore any invita- 
tion to replace this part of the theory 
by something more "physical" or more 
"dynamical" is welcome. The hope 
of being able to explain the pattern 
of fermion masses in detail, especially 
the observed hierarchies, is far going as 
long as there is no information avail- 



able on the substructure of these parti- 
cles. Nevertheless one can try to make 
progress by postulating new physics be- 
hind the Higgs sector. 

Initiated by the large coupling of 
Higgs to top, a number of authors have 
studied a top quark condensate in the 
spirit of the Nambu-Jona-Lasinio (NJL) 
model [2-11]. The simplest version of 
this model works with an interaction of 
the type g^L^R^R^L- The particle de- 
scribed by if) is massless at the tree-level 
and achieves a mass via the Schwinger- 
Dyson equation 

if d A p . . 

m = 2 9m— / — 1 

A non-trivial solution of this equation 
requires g to exceed a certain critical 
value. Here it is essential to assume 
that the mass does not vanish. Eq. 
(1) is called the self-consistency equa- 
tion (or, in analogy to BCS theory, the 
gap- equation). As a direct consequence 
of such a solution of eq. (1), a massive 
scalar bound state ipif) as well as a mass- 
less pseudoscalar bound state ijj^if) is 
formed. The physics of these bound 
states may serve as a symmetry break- 
ing sector. In order to break the elec- 
troweak symmetry, two charged Gold- 
stone bosons are necessary in addition 
and in connection with the obvious spe- 
cial role of the top quark, the SM Higgs 



sector may be replaced by the NJL in- energy level, we have an equivalence of 

teraction of left-handed doublets and the massive scalar exchange and part of 

right handed tops: the exchange of a massive vector boson, 

expressed in the identity 

^Lt R i R ^L, (2) 

where * = {t,b) T , [|. (3) 
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higher ~ 270GeV in the specificly in- 
teresting case of extension to the cus- 
todial SU(2). This is particularly im- 
portant, because the bootstrap mech- 
anism favours a rather large dynami- 
cal mass, which collides with the indi- 
rect data and can so far only be acco- 
modated by an otherwise unmotivated 
amount of finetuning the parameters in 
eq. (1). 

Flavour democracy in the gauge gener- 
ated bootstrap picture. Let us trace the 
coupling in the NJL interaction term 
back to the gauge vertex from which it 
will be generated via eq. (3). The la- 
grangian for 3 flavours is given by 

3 3 

C G = -g £ J?G, = -g £ & 
i=i i=i 

(4) 

Our consideration does not depend on 
the gauge group, so that is any kind 
of gauge field. We take G to be a neu- 
tral field first and come back to charged 
fields and currents later. The coupling 
g depends on the quantum numbers of 
if), but does not depend on the genera- 
tion index i. Lq is the lagrangian for 
three flavours like, say, up, charm and 
top. The low energy efffective current- 
current interaction is 

3 1 - 

2 -^-or^n^i^ji^j- ( 5 ) 

i,j=l G 



With the aid of eq. (3) the left-to-right 
part of eq. (5) becomes 

3 1 - 
Yl —(^iL^jR){^jR^iL)- (6) 
i,j=l m G 

One of the pairs in brackets is the mass 
term, running on the line of the dia- 
gram, which enters the self-consistency 
equation, the other forms the conden- 
sate. Because g does not depend on 
i, equal masses for up, charm and top 
are introduced, when i,j = 1,2,3. The 
essential hypothesis of the bootstrap 
mechanism was emphasized before to 
be a nonvanishing m in eq. (1) to be 
cancelled from both sides. In order to 
suppress masses of the first and sec- 
ond generations, we could assume that 
this is only true for the top, but we 
have no reason for that. Instead, it is 
straightforward to assume that all pos- 
sible mass terms are generated, since 
massless flavours are identical anyhow 
and discrimination is purely artificial. 
This means eq. (1) has non-trivial so- 
lutions, when identical particles are in 
the brackets, like in eq. (6). For the 
q = 2/3 quarks there are the proper 
mass terms uu, cc and it, as well as the 
mixing terms uc, ut etc., giving just a 



democratic mass matrix 



a and (3 E?, j= i4Wto 



3 ' 



M rf = mD, 



D 



1 1 1 
111 
1 1 1 



which diagonalizes to 



M h = mH, 



H 





1 



/ 

(7) 
\ 

/ 



by a unitary transformation U 
H = U l -DU-\ 



(9) 



U 



_L L n 

V2 V2 V 



1 

V 7s 



i 

1 



2 



(10) 



Thus the theory possesses one massive 
fermion, to be identified as the top, 
while the others are massless. The mass 
matrix (7) is the starting assumption of 
the work of Kaus and Meshkov UToT IIH] 



and appears here as a simple conse- 
quence of degeneracy in the families: 
both bare masses (assumed to be zero 
here) and scalar couplings do not single 
out a direction in family space. 

A charged gauge boson leads to the 
same situ- 
ation, although the way mixing terms 
are introduced is different: the effec- 
tive interaction of currents with charges 



transforms into the "feeding" term 

£i,j=i ^iL^R^jR^iL and the argu- 
ments from above still hold. 

We note that our generalization of the 
bootstrap hypothesis excludes coloured 
bound states, like they could have 
been introduced as a consequence of 
the colour singlet nature of electroweak 
quark currents and the rearrangement, 
which gives for colour indices a, b a 
scalar term 

nt Rb ? R * Laj (ii) 

The bootstrap mechanism thus works 
independently in every colour chan- 
nel. The above idea of gauge gener- 
ated bootstrap has very recently been 
considered with the ambition to restore 
the colour structure of the model of ref. 
[|J, which can be introduced by an ex- 
traordinary right-handed top and left- 
handed top-bottom doublet in a less ho- 
mogeneous gauge structure than con- 



sidered so far [p2| . 



Custodial SU(2) and top mass limit. 
Let us now turn to the specific gauge 
group SU(2) L x U(1) Y x SU(2) v . It 
reproduces the (vertical) mass splitting 
in the weak doublet without any further 
assumption ||. Coming from the SM, 



we are interested in the influence of the 
new physics on the mt op -bound, which is 
obtained by indirect determination via 



radiative corrections P3fl . In the SM we 



have an upper bound of m top ~ 200GeV 
and it requires a very large amount of 
finetuning in the self-consistency equa- 
tion (1) to match this number: the 
scale of new physics is a very high scale 
of O(10 15 GeV) and implies a physical 
desert over more than ten orders of 
magnitude [|J. This is so far a gen- 
eral feature of the TMSM, although ex- 
plicit numbers depend on the methods 
used in calculations and their reliabil- 
ity. For this problem to be avoided one 
expects the mt op Timit to be relaxed by 
the symmetry breaking mechanism it- 
self. Explicitly, in the present case of 
a new hidden interaction, there should 
in the full theory remain a deviation 
from the standard electroweak physics 
that allows for a higher top mass even 
when the ratio of the Fermi scale to the 
new scale approaches zero. This non- 
decoupling is indeed one of the special 
properties of the 5?7(2)y-part within 
the SU(2) L x U(1) Y x SU(2) v gauge 
theory and was recently subjected to a 
numerical study by Kneur, Kuroda and 
Schildknecht 0. 

In order to clarify the relation of 
the general SU(2) L x U(1) Y x SU(2) V 



model considered there to the presently 
interesting kind of model, we recapitu- 
late the modification of the SM by dis- 
criminating four steps: 

A. Standard model. 

B. Top mode standard model. The 

Higgs sector of the SM is replaced 
by the effective interaction and the 
bootstrap hypothesis like described 
above. As there is a one-to-one 



mapping between the models [13 



H| , predictions, including indirect 
mtop determination, are identical in 
both of them. 

C. Extended gauge group SU{2) L x 
U(1) Y x SU{2) V . We take the 
mass of the new bosons to be large 
compared to the electroweak scale, 
my ^> Gp. AXGp-i the ^/-exchange 
is pointlike and the full theory at 
electroweak energies can be split- 
ted into the SM plus effective low 
energy V^-physics: 

£ = C' SM + £ eff (V). (12) 

Note that C SM differs from the 
pure SM by effects which do not 
decouple ^-loops shall be ne- 
glected in radiative corrections of 
standard processes, since the cou- 
pling is controlled by mixing of 
the gauge fields (all fermions have 



quantum number T 3V = and 
hence do not couple directly to 
the new bosons) and expected to 
be small already at the tree level 
Altogether, radiative cor- 



24 



rections are SM radiative correc- 
tions to a very good approximation 
and deviations from the SM are 
given by the influence of the non- 
decoupling effects that yield the re- 
placement Csm —> £'sm- 

This non-decoupling stems from 
the contribution of gauge coupling 
of the field V3 to the electric charge 
via mixing with the standard neu- 
tral sector and results in a modi- 
fication of the SM relation among 
the mixing angle 9w, weak gauge 
coupling g and electric charge e, 
sin 2 9 w g 2 /e 2 = 1, to 



sin 2 6w9 2 /e 2 + e — 1, 



(13) 



where e parametrizes the non- 
standard contribution. Expressing 
e in terms of e, GV, 
sin 2 9 and rriz and, with the argu- 
ments from above, inserting SM ra- 
diative corrections, yields the de- 
sired relation of the non-standard 



merical result. 

D. Bootstrap from Ay to Gp. We 
start at step C and make the 
replacement that lead from step 
A to step B. The pure SM part 
in jC'smi ec L- (12), is modi- 
fied to the TMSM, while the 4- 
fermion term is now generated 
by effective Vo-exchange. Clearly, 
£ e ff in eq. (12) includes many 
more 4-fermion terms than those 
needed to form the minimal com- 
posite SM Higgs sector. (There 
are also ^l{r)1^^l(r)^l(r)1^l{r) 
terms and left-handed charged 
channels.) Nevertheless, C e ff does 
not contribute in radiative correc- 
tions and steps A and B gave the 
same results. Thus deviations of 
the model step D from the SM are 
those of step C from the SM and 
the result of |2(J is valid also at 
this step. There it is shown that 
for a small negative value of e ~ 
—0.01 the top mass window is eas- 
ily opened up to 



op 



< 



270GeV} (14) 



* There is no relation between the scalar top 
effects and the top mass, which channel cou P lin S G *' which has to be P ositiv ' 
enters the loop calculations: e = 
tijntop)- This relation was derived 

in |2(| and we shall quote the nu- WI ~ " ^2(1 - ml /ml ) 



and e. The accidental appearance of e in Gt is 
without consequence: 

1 



Gf 



0(e% 



6 



With this raised upper bound, eq. (14), yields the gross features of the fermion 

the TMSM is much less sensitive to fine- spectrum, when made responsible for 

tuning and the new scale can be very far symmetry breaking and mass genera- 

below a GUT scale. tion in the spirit of the NJL model as 

it was proposed recently Remark- 

* r i-i • ably, it possesses some peculiarities, like 

A tew words are m order concerning 

tx r i the singlet nature of fermions and non- 

renormalizabihty. It was frequently ob- 

a r „ ! decoupling of heavy gauge bosons, be- 

jected that the effort of the top mode 

I, j i ; i -j c puj ing potentially connected with inner 

standard model, the avoidance of bM 

, , , n i i • i , • , i reasons of mass generation or able to 

elementary scalar fields, is lost m the 

, r i , help valueing this scenario in general, 

present class of models, since renor- 

, , . , , . More evidently, by only one very simple 
malizability is restored by introducing 

£ , n , , . assumption one has a heavy top quark, 
an appropriate set of scalar fields to 

I,,! tt while all other quarks are massless and 

break the new gauge symmetry. How- 

, ,r n v • in-oi n-n\ the lepton sector behaves analogously, 

ever (apart from the findings m |RJ |1^|J 

, i , , .it p . i Towards the observed mass values more 

these scalars are not responsible for the 

m , , . £ detailed effects will have to disturb this 

bM fermion masses, nor for the masses 

r „ r , „ T , , ! rough mechanism, 

of W and /. Instead, we seek a dy- 
namical model of breaking the elec- 
troweak symmetry and generating stan- 
dard fermion masses. Thus the new 

scalar sector is not a source of many ar- I thank J.L.Kneur for a number 
bitrary parameters. Moreover, it should of useful comments and H. Fritzsch, 
be regarded as an advantage that the R.Kogerler, C.Lucchesi, S.Reinshagen 
theory can be made renormalizable, in and J. Zinn- Justin for some discussions, 
the sense that scalars serve as a work- 



ing description (just like they do in the 
SM), instead of remaining in an effec- 
tive model. 

To summarize, the custodial SU(2) 



After this work was finished, I received 



another paper | 25fl , which is based on 
the present idea of the bootstrap ori- 
gin and also throws some light on the 



'A presentation of the whole model is in 



the sign of e does not change the sign of G t - preparation. 



striking advantages of this new class of 
models in comparison with technicolour 
theories. 
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